To examine the neuroprotective effects of Paulownia coreana, we tested its protection against the glutamate-induced neurotoxicity to primary cultured cortical neurons. An aqueous extract of the plants exhibited significant protection against glutamate-induced toxicity in primary cultured rat cortical cells. In order to clarify the neuroprotective mechanism(s) of this observed effect, isolation was performed to seek and identify active fractions and components. By such fractionation, one bioactive sesquiterpene lactone, isoatriplicolide tiglate, was isolated, which exhibited significant neuroprotective activities against glutamate-induced toxicity, exhibiting cell viability of about 50%, at concentrations ranging from 0.1 μM to 10 μM.
Alzheimer's disease (AD) is one of the most common neurodegenerative disorders affecting many elderly people worldwide. In addition to the neuropathologic hallmarks of this disease, namely neurofibrillary tangles and amyloid plaques, it is also characterized by the loss of cholinergic neurons in the basal forebrain and a major cause of morbidity and disability in the adult population [1a] . AD is associated with the accumulation of L-glutamate (Glu) deposits in senile plaques and neurofibrillary tangle lesions in specific areas of the brain. Glutamate is a major excitatory amino acid neurotransmitter in the central nervous system (CNS), involved in fast synaptic transmission, neuronal plasticity, outgrowth and survival, memory, learning and behavior [1b]. However, glutamate-mediated excitotoxicity appears to play a crucial role in neurodegenerative disorders [1c] . Thus, neuroprotection against glutamate-induced toxicity has been a therapeutic strategy for preventing and/or treating both acute and chronic forms of neurodegeneration [1d] .
Paulownia coreana Uyeki (Scrophulariaceae) is widely distributed in China, Japan and Korea [2a] . The flower of the plant has been used in the treatment of bronchial concentrations ranging from 0.1 to 10 μM exhibiting cell viabilities of 50-70% (Table 1) . Thus, present investigations may lead to possible evaluation of other lactone-type sesquiterpenoid for the development of agents to ameliorate the cellular dysfunction due to glutamate-induced toxicity.
Experimental
General: Thin layer chromatography (TLC) was performed on precoated silica gel G and GP uniplates from Analtech and visualized with 254 nm UV light. Vacuum liquid chromatography (VLC) was carried out on silica gel 60 [Scientific Adsorbents Incorporated (SAI), particle size 32-63 µm, pore size 60 Å]. DL-2amino-5-phosphonovaleric acid (APV) and 6-cyano-7nitroquinoxaline-2,3-dione (CNOX) were purchased from Sigma Chemical Company (St. Louis, MO, USA).
Plant materials and isolation of compound:
The flower parts of P. coreana were collected in July 1999 at Kyungsangbuk-Do, South Korea. A voucher specimen (skku-1999-07-0123) was deposited in the Herbarium, Sung Kyun Kwan University, Suwon, South Korea. The air-dried flowers (1kg) were extracted with MeOH by refluxing for 4 h (3 × 5 L) on a sonication bath at 35°C. The extract was filtered through a Buchner funnel using Whatman No. 1 filter paper. The combined MeOH extracts were evaporated under reduced pressure to yield a red residue. VLC (150 g, 6×30 cm) of the MeOH extract (5 g), using n-hexane: CH 2 Cl 2 (1:0 -0:1) and CH 2 Cl 2 : MeOH (1:0 -0:1) step gradients, produced 10 fractions. These were pooled by TLC profile into 6 fractions (PC1-PC6), of which the major one, PC 4 (1.2 g), was eluted with light petroleum-acetone [1: 0 (500 mL), 2: 1 (500 mL), 1: 1 (500 mL), 1: 2 (500 mL), 1: 5 (500 mL), and 0: 1 (500 mL)). The major compound was purified by recrystallization from MeOH to afford compound 1 (62 mg).
Cortical cell culture and cell viability assessment:
Primary cultures of mixed cortical cells containing both neurons and glia were prepared from 17~19-day-old fetal rats (Sprague-Dawley), as described previously [2e] . Cultures were allowed to mature for at least 2 weeks before being used for experiments. Test fraction and compounds were dissolved in DMSO (final concentration in culture, 0.1%). Cortical cell cultures were washed with DMEM and incubated with test compounds for 1 h. The cultures were then exposed to 100 μM glutamate and maintained for 24 h. After the incubation, the cultures were assessed for the extent of neuronal damage by measuring the efflux of LDH (lactic dehydrogenase), which reflects the integrity of the cellular membrane.
Statistical analysis:
The results are expressed as means ± standard errors (S.E.). The data were statistically analyzed by one way ANOVA. Differences with P < 0.05 were considered significant.
